Trees generate resources for other guilds (e.g. lianas), including the production of supporting branches for the establishment of epiphytes. In a tropical dry forest of central Mexico, we studied whether branch mortality is associated with phorophyte quality. During a year, we monitored the survival of branches with and without vascular epiphytes in tree species with high (Bursera copallifera, B. glabrifolia) and low (B. fagaroides, Conzattia multiflora, Ipomoea pauciflora, Sapium macrocarpum) epiphyte loads. The lowest (Conzattia multiflora) and highest (Ipomoea pauciflora) branch mortalities occurred in phorophytes with low epiphyte loads, while branch mortality in Sapium macrocarpum was 60%, and all of Bursera species had <25%. In Bursera copallifera and B. glabrifolia, the highest branch mortality was in branches with epiphytes, suggesting a negative influence of these plants, but mortality was also associated with larger/older branches. At the end of monitoring, 95% of the epiphytes of Ipomoea pauciflora were growing on dead branches.
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Introduction
Trees are the dominant guild of the forests and facilitate the existence of other plant guilds (e.g. terrestrial herbs, epiphytes, lianas); for example, the production and fall of leaves condition the microclimate of the understory and provide resources to or act to limit some terrestrial herbs through biologically active compounds (Jones et al. 1994; Callaway et al. 2002; Valencia-Díaz et al. 2014) . The identity of the trees as well as their attributes (e.g. architecture, bark peeling, allelopathic contents, branch lifespan) determine the abundance and vertical distribution of the epiphytes on them (Callaway et al. 2002 , Krömer et al. 2007 , López-Villalobos et al. 2008 , Vergara-Torres et al. 2010 , Valencia Díaz et al. 2010 , Ruiz-Córdova et al. 2014 ).
While epiphytes can also grow on inert substrates, many of them mainly inhabit tree branches and the dynamic of branch survival and mortality therefore directly determines substrate availability for the epiphytes and thus their mortality (Chase 1987; Hietz 1997;  D r a f t However, due to the low recruitment of seedlings, the most important stage for the growth of epiphytic populations is that of vegetative growth or survival of adults (Mondragón et al. 2004) , which is directly dependent on branch longevity (Winkler et al. 2007 ). Thus it has been hypothesized that concentrations of epiphytes on trees occur in the strata where seed capture and adult survival are optimized (Ruiz-Cordova et al. 2014 ).
Only one study has examined the dynamic of branch fall (Hietz 1997) . In a Mexican lower montane cloud forest it was found that the probability of an epiphyte falling together with its supporting branch increases inversely with the diameter of the branch. In branches < 4 cm in diameter, epiphyte mortality was around 45%. For the epiphytic bromeliads Catopsis nutans (Sw.) Griseb., C. sessiflora (Ruiz & Pav.) Mez, juveniles of Catopsis spp., Tillandsia butzii Mez and juveniles of Tillandsia spp., the highest mortality occurred because of branch fall, while in other species this occurrence was the second highest source of mortality.
Censuses of fallen branches found in an evergreen tropical forest, in Brazil and Panama suggest that the mortality of epiphytes due to falling branches is 4% per year and that this affects in particular those epiphytes that grow on thin branches (Sarmento Cabral et al. 2015) . In fact, because of the short lifespan of these branches, the epiphytes that usually grow on these form a guild (twig epiphytes, Chase 1987), defined by species that share a small size, high growth rate and early reproductive age.
In the tropical dry forest of San Andrés de la Cal, central Mexico, it has been observed that epiphyte distribution is not random among phorophytes, or among their vertical strata (Vergara-Torres et al. 2010; Ruiz-Córdova et al. 2014 Vergara-Torres et al. 2010 ). This non-random distribution cannot be explained by the texture, thickness or incidence of peeling of bark among phorophyte species (Vergara-Torres et al. 2010) . However, at least three species of limiting phorophytes contain substances that reduce germination of epiphyte species (Valencia-Díaz et al. 2010 ) and a higher frequency of xylophagous insects is present in the limiting phorophytes (Valencia-Díaz et al. 2014 ).
In addition to its effect on epiphyte phorophyte preference, it is possible that branch longevity also influences the vertical distribution of epiphytes. In B. copallifera and B.
glabrifolia of the tropical dry forest of San Andrés de la Cal, epiphytes are more abundant on exterior branches of more than two centimeter in diameter but scarce on twigs of less than two centimeters in diameter as well as in the interior strata (Ruiz-Cordova et al. 2014 ).
In the limiting phorophytes Conzattia multiflora (B.L. Rob.) Standl., Ipomoea pauciflora M. Martens & Galeotti and Sapium macrocarpum Müll. Arg., however, epiphytes are more abundant on the trunk and scarce on the branches (Ruiz-Córdova et al. 2014 ). These distribution patterns do not correspond to either the stratification of light and humidity or to seed germination and early seedling survival (Ruiz-Córdova et al. 2014 ).
This study measured the survival of branches of different phorophytes within a tropical dry forest as a factor that determines both epiphytes phorophyte preference and vertical distribution. We hypothesized that the lifespan of branches is shorter in limiting phorophytes and that this contributes to their general deficit and explains the biased D r a f t distribution of the epiphytes present on these phorophytes towards the lower strata (e.g. the trunk), while the opposite occurs on the branches of preferred phorophytes. pauciflora and S. macrocarpum were selected. A cohort of branches was marked on each tree (Table 1) with numbered aluminum labels and vinyl flagging tape. Branch mortality was monitored over one year and observations were done from the forest floor (with binoculars). On each occasion, when a branch disappeared from a tree, we search for it on the forest floor, and when a branch presented signs of decay, the tree was climbed to closely inspect the branch. The numbers of branches that fell and those that dried on the tree (dry standing) were recorded.
Materials and methods
Study area
Data analysis
For analysis of branch survival, Kaplar-Meier curves were constructed for each tree species (Kleinbaum and Klein 2005), and log-rank tests were then performed in order to determine significant differences in the accumulated proportions of survivors (Kleinbaum and Klein 2005). In order to isolate which phorophyte species had different branch survival curves, paired Gehan-Wilcoxon tests were conducted (Hollander and Wolfe 1999) . In this analysis, branches that were partially dry were considered to be dead, such that the analysis indicated how many branches or sections of branches died during the study as well as the date of death (considered as the date on which a dead section was first observed).
Finally, to test whether the proportion of epiphytes among dead branches differed among phorophyte species, the binomial method of comparison of more than two proportions (Zar 2010 ) was used, based on the χ 2 test. In order to isolate tree species that differed from each other, multiple comparisons were carried out among proportions (Zar 2010 copallifera, branches with epiphytes presented greater diameters than those without (t = 3.0, P < 0.01) but not lengths (t = 0.5, P = 0.58) ( Table 1 ). In B. glabrifolia (diameter, t = 3.80 P < 0.001; length, t = 2.6, P < 0.01) and C. multiflora (diameter, t = 5.1, P < 0.00001; length, t = 4.7, P < 0.00001), branches with epiphytes were thicker and longer than those without. Branches of B. fagaroides, I. pauciflora and S. macrocarpum, with and without epiphytes, were similar in both diameter (t = 0.7, P > 0.05; t = 3.3, P < 0.01; t = 2.6, P < 0.01, respectively) and length (t = 2.0, P < 0.05; t = 0.6, P > 0.05; t = 1.9, P > 0.05, respectively) ( Table 1) .
Branch survival differed among species (χ 2 = 228.0, P < 0.00001) (Fig. 1) . The highest survival occurred in the branches of C. multiflora. Branches of the three species of the genus Bursera presented similar survival at greater than 75%, while S. macrocarpum presented a survival of 40% and the lowest survival occurred in I. pauciflora (Fig. 1) .
In B. copallifera (χ 2 = 2.6, P < 0.05) and in B. glabrifolia (χ 2 = 2.0, P < 0.05), survival differed between branches with and without epiphytes. In both species, the highest mortality occurred in branches with epiphytes (Fig. 2) . In B. fagaroides (χ 2 = 1.4, P = 0.17), D r a f t C. multiflora (χ 2 = 0.2, P = 0.85), I. pauciflora (χ 2 = 1.1, P = 0.28) and S. macrocarpum (χ 2 = 1.4, P = 0.17), survival of branches was similar regardless of the presence or absence of epiphytes (Fig. 2) .
The dry percentage in the branches differed only in B. copallifera, regardless of the presence or absence of epiphytes (Table 2 ). In the branches of this species, a greater dry area was found in those that did not host epiphytes (t = 2.1, P < 0.05). The branches of B.
fagaroides (t = 0.2, P = 0.83), B. glabrifolia (t = 1.7, P= 0.092) and I. pauciflora (t = 0.3, P = 0.74) showed similar percentages of dead area, with or without epiphytes. In C. multiflora and S. macrocarpum, the low number of branches with a dry area, among those that had epiphytes, impeded the determination of whether epiphytes increased the percentage of dry area ( Table 2 ).
The percentage of epiphytes that, at the end of the study, were growing on dry branches or had fallen with their branches differed among phorophyte species (χ 2 =146.4, P D r a f t management of epiphytes and could help to explain why certain phorophyte species and vertical strata are preferentially inhabited. The general hypothesis of this study was that branch mortality would occur less frequently in phorophytes that concentrate epiphytes, but be higher in limiting phorophytes, making branch mortality a factor that influences the quality of the phorophyte for the epiphytes and thus their vertical distribution on these phorophytes.
The low branch survival in I. pauciflora and S. macrocarpum supports the hypothesis that branch survival determines both phorophyte quality and the vertical distribution of epiphytes, since I. pauciflora and S. macrocarpum are limiting phorophytes at the study site The branch survival rates of phorophytes that concentrate epiphytes supported our hypothesis and their branches presented the highest (B. copallifera) or second highest (B.
glabrifolia) rates of survival. Contrary to expectation, in these phorophytes only, the branches with epiphytes presented higher mortality than those without. In the other phorophyte species, branch mortality was independent of the presence of epiphytes and it was thus impossible to generalize regarding the effect of the epiphytes on their phorophytes or whether the effect of the epiphytes on the trees was density-dependent (Flores-Palacios 2016).
In general, there was no unequivocal detection of the causes of branch mortality, but in phorophytes with high epiphyte loads, the presence of these was associated with an increase in branch mortality. It is possible that branches with epiphytes are weakened by this load and that this weakness may favor the entry of pathogens (Valencia-Díaz et al. 2014) ; however, the mechanisms through which the epiphytes weaken the branches remains D r a f t unclear. Other experimental studies have shown that Tillandsia recurvata has a negative effect on Prosopis laevigata, a tree that is massively colonized in the desert of Chihuahua.
In this case, it is suggested that the effect of T. recurvata could be manifested through phytochemicals modifying the transport tissues of the tree (Flores-Palacios et al. 2015) .
However, in a study where epiphytes were artificially removed and transplanted, branch mortality was independent of the presence of epiphytes (Flores-Palacios 2016). In B.
copallifera and B. glabrifolia, the branches supporting highest epiphyte abundance were larger, suggesting that, rather than a direct effect caused by the epiphytes, these may in fact be senescent branches (Flores-Palacios 2016). The mortality of branches associated to the presence of epiphytes, instead of being caused by these, has been explained as a correlation caused by the fact than older/decaying branches have been exposed for more time to the colonization of epiphytes (Flores-Palacios 2016). Further experimentation is therefore necessary in order to test whether the epiphytes truly weaken the branches of these phorophytes and allow the entry of pathogens or borer insects, or whether these are senescent branches. There is evidence that suggests that the presence of epiphytes may be beneficial for the trees through improvement of the branch microclimate (Stanton et al. 2014 ). This could explain why branches of B. copallifera with epiphytes presented fewer dry areas than those without.
The data produced by this study support the notion that trees that concentrate populations of epiphytes present higher branch survival than trees where epiphytes are scarce. While high branch mortality does not necessarily occur in trees with few epiphytes, the data show that epiphyte mortality in tropical dry forest, caused by branch death, is greater than that recorded in a lower montane cloud forests (Winkler et al. 2007) , where D r a f t mortality ranged from 1.8 to 9.8% of the plants. Maybe the higher branch mortality observed in this tropical dry forest is caused by the long-lasting dry season (up to six months) that generates small trees, while in montane cloud forests the dry season is almost absent or is less severe because of the high incidence of fog. In the tropical dry forest studied, the minimum mortality associated with falling branches was 10% of the epiphytes.
This underlines the importance of branch mortality as a determinant factor in the richness 
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